AD-A216  660 


Bill  HLLfiOPT 


W 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
O MB  No.  0704-0188 


Public  reporting  burdan  for  ibis  collection  of  Informs! Ion  Is  estimated  to  swage  1  hour  per  response.  Including  the  lime  tor  reviewing  Instructions,  searching  existing  data  sources,  gathehng  and 
maintaining  the  data  needed,  and  oompleting  and  reviewing  the  collection  or  Information.  Send  eomments  regarding  Ibis  burden  estimate  or  any  other  aspect  ofthls  collection  of  Information.  Including 
suggestions  forredudngtblsbuiden.  to  Washington  Headquarters  Services.  Dlrectoralefor  information  Operations  and  Reports.  121 5  Jefferson  Davts  Highway.  Suite  1204.  Arlington.  VA  22202-1302. 
and  to  the  Office  of  Management  and  Budget.  Paperwortr  Reduction  Project  10704-0188)  Washington.  DC  20503  _  _ 


2  REPORT  DATE  3  REPORT  TYPE  AND  DATES  COVERED 


1  AGENCY  USE  ONLY  (leave  Plan*) 


December  1989 


presentation/paper 


4.  TITLE  ANO  SUBTITLE 


ON  THE  VARIABILITY  OF  SPORADIC-E 


8  AUTHOfl(S) 

A.  K.  Paul 


7  PERFORMING  ORGANIZATION  NAME(S)  AND  ADORESS|ES| 

Naval  Ocean  Systems  Center 
San  Diego,  CA  92152-5000 


9  SPONSORING/MONITORING  AGENCY  NAME(S)  ANO  ADORESS(ES) 

Office  of  Chief  of  Naval  Research 
Independent  Research  Programs  (IR) 
OCNR-lOP 

Arlington,  VA  22217-5000 


12a  DlSTRIBUTION/AVAl LABILITY  STATEMENT 


Approved  for  public  release;  distribution  is  unlimited. 


^  113.  ABSTRACT  (7i4axMHjm  20C  worths) 


5.  FUNDING  NUMBERS 

PE:  0601152N 
WU:  DN306  212 
PN:  ZT43 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


10  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 


The  analysis  of  digital  ionograms  taken  in  short  time  intervals  show  rapid  changes  of  sporadic -E  parameters.  The 
lifetime  (observation  time)  of  an  individual  layer  can  be  shorter  than  1  minute.  Frequently  two  or  more  Es-layers  are  observed  in 
a  given  ionogram.  Angle  of  arrival  measurements  show  that  the  echoes  are  returned  from  two  or  more  distinctly  different  areas  in 
the  sky  implying  a  relatively  small  scale  structure  in  horizontal  directions.  This  conclusion  is  supported  by  the  fact  that  almost 
i.5%  of  the  Es-layers  found  in  our  data  set  of  more  than  4,000  ionograms  showed  tilt  angles  of  20  degrees  or  more.  The  tilt  angles 
were  often  highly  variable.  In  many  cases  where  continuity  of  the  top  frequency  ftEs  was  observed  over  relatively  long  sequences 
of  ionograms,  the  variation  of  the  tilt  angles  still  indicated  some  instability  of  the  layer.  ^ '  L .  ‘  S  .  I  ,  j  ,  , 

'  v  ''  T  . 


s-v-tt  C 

U  t  Sa> 


v:  t  loan  ?!  V 

.i  j  L  u  i  yj  x 


C^i 


Published  in  the  Proceedings  URS1,  National  Radio  Science  Meeting,  January  1989. 


14  SUBJECT  TERMS 

E-region  variability 
E-region  tilts 
sporadic  E-layer  tilts 


17  SECURITY  CLASSIFICATION 
OF  REPORT 

UNCLASSIFIED 


18  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 

UNCLASSIFIED 


19  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

UNCLASSIFIED 


15  NUMBER  OF  PAGES 


16  PRICE  CODE 


20  LIMITATION  OF  ABSTRACT 


UNLIMITED 


NSN  754001-2*0-5500 


90  01  12  0  69 


Standard  form  296 


©  C 
£  X 


o 

a, 

C/5 

Us 

O 

>< 

H 


in  t4 

Q 


CQ  r-4 

<  2 

>-4  © 

§  * 

w 

x  <x 
H  «-» 
0 

Z  X 

o  < 


©  O 
O  u-j 

e  * 

©  CM 
•H  m 
a  rH 

C/5  CM 

O' 

o 


W  X  -X 

e  ©  c 

a)  X  x 
U  a  o 

CQ  M  4-1 
>nO  -H 
w  £H 

X  to 
C  <  O 

aj 

©  t>  0 
O  C  GO 
O  #  © 

•H 

H  C  Q 
«  <0 
>  0)  c 

<0  O  CO 

Z  O  CO 


vo  o 
I  CM 
vo  if) 
O  *M 


X  V. 
l-i  X 
O  © 

X  ~ 

CQ  Ci 
c 

c  © 

•X  X-  r 
© 

C  C-  r 
0) 

,*  w 
CO  «  ' 
A->  G  ■ 

x  ■ 

CO  c 

e  u 
<o  c  • 
u  a. 

HO  CQ 
O 

C  44 

o  o 


c,  a> 

-  ® 
C  CO 

© 


3  AJ 
©  G 
6  C 
Q)  *r4 
X  AJ 
3  CO 
10  —4 
fC  -D 
0) 

£  © 

x 

«-A  O 


©  O  © 


u 

C  ~4 


ct 

c/i 

O 

in  C 

r-4  o 
( V  V 
> 


to  3 
1-1  o 
a i  X 


©  H 

X 


^  w 
•  E 
to  (0 
X  X 
GO 
©  O 
X  C 

AJ  O 


co 

r-4  QJ 
©  GO 
AJ  C 
i-C  C 

G0X 
•H  G 
T5 

•o 

—4 

4-4  C- 

O  C 

X 

(0 

*fA  3 

W  O 
inX 

r-4  CQ 

to 

c 

t0  0) 
r4 
© 

©  > 
X  x 
H  © 


o 

? 

C  AJ 
© 

in 

r-4 
44  AJ 

O  C 
© 
3 

/-v  cr 
©  © 
£  X 
-4  Us 


©  3 

r-4  C 

GO  *X 
C  AJ 

©  c 

O 

AJ  U 


CO  CO 
© 
fj 

k  GO  GO 

c  c 
o  © 


AJ 

in  ^ 


©  AJ 

i> 


c  © 

C  AJ 
-4  3 
AJ  C 
©  «4 

>  E 

X 

©  r-A 
© 

X  c 
o  © 
^  X 


£  X 
— c  © 
AJ  AJ 
©  X 

44  o 

**4  X 
r-4  CO 


GO  44 

c 

<  *o 

© 

•  c 

E  X 
©  3 

X  AJ 
GO  © 
O  X 

c 

o  © 

*H  »4 
.  « 

C  CA 
©  © 

>  O 
•X  X 
GO  G 

© 

©  © 
X 
C  AJ 

*r4 

AJ 

-o  © 
©  X 

>  AJ 
X 

©  3 
CQ  O 
X  X 
O  to 


GO  c 
e  o 

**4 

In  AJ 
rH  O 

a.  © 
£  x 


<4r  O 

in  * 

CM  Mt 

AJ  C 
CO  © 
O  X 
E  aj 


©  AJ 
X  © 
© 


X 

©  3 

X 
H 


in 

© 


x 

co  © 


in 

*  r-4 

to  © 

AJ 

©  c 

X  o 
AJ  N 

•H 

C  X 
•H  O 
X 

CQ 

© 

©  c 

X  *r4 

© 

AJ  © 
C  X 
©  3 

X  AJ 

©  u 

U4  3 
44  X 
-H  AJ 

*D  <0 


© 

AJ  X 
©  O 
X  £ 


U 

© 

44  X 
© 

©  (0 
X 
x 

© 

in  x 

X  © 
©3 

© 

X  X 
X  3 
o  o 

Dr 

D.  _ 
3  C 
©  *x 


© 


T3 

in  © 

c  > 

©  X 
£  © 
co 
X 
C  O 


o  © 

rr 

AJ 

c 

O  4a 

**4  O 


© 

X  CQ 

GO  '  © 
©  ©  S 
•3  *-* 

X  tQ 

O  ©  W 
CM  -4  AJ 

X  44 
44  © 

o  >  in 
o 
c 

w  ^  © 

©  rH  3 
r-4  X  cr 
GO  GO  © 
C  H  X 
«  X  44 


X  *r4 
©  r-4 
>  .r4 

X 

© 


x  C 


*  © 
to  E 
£  O 
©  © 
X 

GO  ©3 
O  © 

C  x 
o  © 

•X  U 
—4 

•o 

44  C 
o  *r4 


a 
z 
E 

UJ 
Ul 

z 

5 
z 

ui 

Q 
Z 
< 
ui  O 
a 
z 

ui 


a 

z 

3 

o 


o 

v> 

UL 

o 

V) 

Ul 

s 

Ul 

§ 

< 

-I 

S 

O 

§ 


X 

o 

a 

co 

Ul 

cc 

-4 

< 

§ 

§ 

z 


< 

o 

E 

Ul 

s 

< 

u. 

O 

(0 

Ul 

8 

CO 

a 

Ul 

H 

Z 

3 


Ul 

UJ 


S 

2 

o 

o 

-J 

< 

z 

o 

g 

z 

© 

Ul 

© 

o 

© 

H 

z 

3 


a» 

u 

c 

Q> 

O 

© 


■a 

a 

a 


e 

o 

c 

3 

« 

c 

o 

=5 

£ 

a> 

c 


o» 

c 

•S 

$ 


a> 

o 

c 

9) 

O 

© 

o 

T3 

a 

cc 

« 

c 

o 

« 

z 


© 

ra 

© 

T— 

£• 

CO 

3 
C 
ID 
“S 

© 

4 


w 

© 

3 

O 


W 
3  -5 
co 


2 

8 

c 

5> 

iS 

8 

c 

2 

— 

o 

aj 


c  _ 

.2  UJ 


-Q 

T> 

a> 

w 

o 

o> 

c 

o 

a 

© 


■o 

S.I 

o  CO 


o 
*c 
— - 
a 

UJ 

o 

© 

3 


CO 

C 


O 

U 

o  « 

O  O 

^  ©  3 
co  2 
©  3 
>  o 
c  © 

3 


